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METHOD FOR CONTROLLING AN ELECTROMAGNETIC VALVE, 
IN PARTICULAR FOR AN AUTOMATIC TRANSMISSION OF A MOTOR VEHICLE 

Field Of The Invention 

The present invention relates to a method for controlling an electromagnetic valve, in 
particular for an automatic transmission of a motor vehicle. 

5 Background Information 

German Published Patent Application No. 298 09 342 describes a method for controlling an 
electromagnetic valve in the form of a pressure regulating valve designed in the manner of a 
seat valve driven by an electromagnet. This method is executed by a control device in the 
form of an electronic device which triggers the electromagnetic valve with a pulse- width- 
10 modulated trigger signal in the form of a pulse signal. A clock frequency of the trigger signal 
is constant in all operating ranges of the electromagnetic valve. 

Summary Of The Invention 

An object of the present invention is to provide a method for controlling an electromagnetic 
1 5 valve by which a rapid response characteristic and a high adjustment precision of the 
electromagnetic valve are made possible. 

According to the present invention, the clock frequency of the trigger signal is altered by the 
control device as a function of performance quantities of the electromagnetic valve. In 

20 conjunction with the present invention, the performance quantities of the electromagnetic 
valve are also understood to include performance quantities of the unit and the hydraulic 
system in which the electromagnetic valve is used, e.g., an automatic transmission or the 
working medium, e.g., transmission oil. Performance quantities may also include, for 
example, the type and size of the trigger signal, the temperature of the working medium, the 

25 level of the power supply voltage or operating states of a load, e.g., a clutch. 
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In the case of pulse-width-modulated triggering, a setpoint value is set on an electromagnetic 
valve, e.g., a setpoint current, by varying a ratio between an on-time and an off-time of the 
power supply voltage. In the triggering method according to the related art, the sum of the on- 
time and the off-time, which is known as the period, is constant. The period may amount to 
5 1 ms, for example, so the clock frequency is 1000 Hz. Due to this triggering, an armature of 
the electromagnetic valve executes micromotions, so that in a change of position only sliding 
friction and no considerably higher adhesive friction need be overcome. 

The specific properties of a hydraulic system in which electromagnetic valves are used, in 
10 particular the rigidity and damping, are not constant but instead change considerably under 

different operating states of the hydraulic system and/or with different performance quantities 
of the electromagnetic valve. These different properties are taken into account through a 
change in the clock frequency as a function of performance quantities of the electromagnetic 
valve. The clock frequency may thus be optimally adapted to the properties of the hydraulic 
1 5 system, and a rapid response characteristic and a high adjustment precision are achieved. The 
hysteresis of the electromagnetic valve is thus very low. 

Hydraulic systems sometimes have a very great tendency toward compressive oscillations. 
The triggering and thus the responses induced in an electromagnetic valve constitute 

20 energization of the hydraulic system. They also have an influence on resonant frequencies of 
the hydraulic system. These excitations may result in pressure fluctuations. The clock 
frequency in pulse-width-modulated triggering is a decisive property of the triggering. By 
adapting the clock frequency and thus the triggering to the specific properties, in particular 
the rigidity and damping, it is possible to avoid compressive oscillations in the hydraulic 

25 system. 

In the embodiment of the present invention, the clock frequency depends on a setpoint and/or 
actual valve current through the coil. A certain setpoint valve current through the armature is 
to be set with the pulse-width-modulated triggering. The ratio between the on-times and the 
30 off-times of the power supply voltage is adjusted so as to yield the setpoint valve current. The 
resulting actual valve current is measurable. 
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The pulse-width-modulated triggering results in an actual current in the coil which fluctuates 
in a sawtooth pattern about the arithmetic mean. The sawtooth curve has a PT1 characteristic 
due to the inductance of the coil. The form of the actual current depends on the level of the 
setpoint current or the actual current. By adjusting the clock frequency to the setpoint current 
5 and/or the actual current, it is possible to adapt the form and thus also the excitation of the 
hydraulic system to the properties of the hydraulic system. 

The electromagnetic valve may be designed as a seat valve which has a transfer cross section 
for influencing the pressure and/or flow conditions. The transfer cross section is variable via 
10 an armature which is movable by the coil. In such a design of the electromagnetic valve, the 
clock frequency increases when the armature is near the valve seat, which together with the 
armature determines the transfer cross section. 

The pulse- width-modulated triggering results in micromotions of the armature, the greater the 
1 5 amplitude of the micromotions, the lower the clock frequency. If the armature is near the 
valve seat, this may result in the armature striking the valve seat, which is known as seat 
chatter. This causes unwanted noise and also constitutes an additional energization of the 
hydraulic system. The amplitude of the micromotions is reduced and their frequency is 
increased by a high clock frequency. The clock frequency may be increased, for example, to 
20 1 .5 times the normal clock frequency, i.e., to 1 500 Hz, for example. This makes it possible to 
effectively prevent seat chatter. 

In an embodiment of the present invention, the clock frequency depends on a temperature of 
the working medium of the electromagnetic valve. When the electromagnetic valve is used in 
25 an automatic transmission, the working medium is transmission oil. The temperature of the 
working medium may be measured or calculated, i.e., estimated, on the basis of other 
parameters. However, the electromagnetic valve may also be operated with other liquids or 
gases. v 

30 Damping of a hydraulic system depends greatly on the temperature of the working medium, 
i.e., the hydraulic fluid used. When using hydraulic oil, e.g., transmission oil, the damping 
decreases with an increase in temperature due to the change in the viscosity of the hydraulic 
oil. The dynamic characteristics of the oscillating system formed with the hydraulic system 



NY01 665497 v 1 



are thus variable, which results in a variable transmission performance of the system. The 
clock frequency may be optimally adapted to the instantaneous damping of the hydraulic 
system by varying the clock frequency as a function of the temperature of the working 
medium. In particular, the clock frequency becomes higher with an increase in temperature. 
5 The risk of pressure fluctuations in the hydraulic system is thus very low. 

At low temperatures of the working medium, an electromagnetic valve may have a larger 
hysteresis in comparison with higher temperatures, but the risk of compressive oscillations is 
not so high due to the higher damping. Hysteresis may be minimized by a larger amplitude of 
10 the micromotions of the armature without thereby stimulating compressive oscillations. It is 
thus advantageous to set a lower clock frequency of the trigger signal at low temperatures of 
the working medium. 

In the embodiment of the present invention, the clock frequency depends on the level of a 
1 5 power supply voltage of the electromagnetic valve. In particular, the clock frequency 

increases with an increase in on-board voltage. The electromagnetic valve is acted upon by 
the power supply voltage during the on-time mentioned above. When using the 
electromagnetic valve in a motor vehicle, the power supply voltage usually corresponds to the 
on-board voltage of the vehicle. This may vary greatly as a function of the charge of the 
20 vehicle battery, the condition of the generator or the requirements of other loads, for example. 
In passenger vehicles today, the power supply voltage may vary between about 9 V and 16 V. 

In addition to the setpoint current, the power supply voltage has a significant influence on the 
actual current characteristic. By taking into account the power supply voltage, the clock 
25 frequency may be optimally adapted to the properties of the hydraulic circuit. 

In individual cases, a reduction in the triggering frequency with an increase in voltage may 
also be advantageous. 

30 In an embodiment of the present invention, a load terminal of the electromagnetic valve is in 
an operative connection to a load. The load may be designed, for example, as the clutch of an 
automatic transmission or as a bridging clutch of a hydrodynamic torque converter. Another 
component, e.g., a control slide valve or a regulating valve, may be situated between the 
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electromagnetic valve and the load. The clock frequency depends here on the operating state 
of the load. For example, the operating state of a clutch is understood to refer to whether the 
clutch is in a filling phase, a shifting phase, a slipping phase, or a torque transmitting phase. 

5 The properties, in particular the rigidity, of the hydraulic system depend greatly on the 

operating state of the load. The clock frequency may be optimally adapted to the properties of 
the hydraulic system by varying the clock frequency as a function of the operating state of the 
load. 

10 In an embodiment of the present invention, a heterodyne signal having a smaller heterodyne 
frequency in comparison with the clock frequency of the pulse-width-modulated triggering is 
superimposed on the trigger signal. The heterodyne frequency amounts to between 40 Hz and 
80 Hz, for example. With a setting of a setpoint valve current, the heterodyne signal is thus 
superimposed on the setpoint valve current. The heterodyne signal may be designed, for 

1 5 example, to be sinusoidal or square wave. The amplitude of the heterodyne signal is 

considerably smaller than the power supply voltage; for example, the amplitude amounts to 
between 1/10 and 1/50 of the power supply voltage. The hysteresis of the electromagnetic 
valve is thus particularly low. 

20 In an embodiment of the present invention, the heterodyne frequency and/or an amplitude of 
the heterodyne signal is/are altered by the control device as a function of performance 
quantities of the electromagnetic valve. The same relationships are taken into account here as 
in the change in the clock frequency of the pulse-width-modulated triggering. The prompting 
and the advantages of the changes in the heterodyne frequency and/or the amplitude likewise 

25 correspond to those of the change in the clock frequency. 

For example, the heterodyne frequency may be increased with an increase in the temperature 
of the working medium. 

30 Brief Description Of The Drawings 

Figure 1 shows a detail of a hydraulic control of an automatic transmission having an 
electromagnetic valve. 
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Figure 2a shows a first diagram of the plot of a trigger signal of the electromagnetic valve as a 
function of time. 

Figure 2b shows a second diagram of the plot of the trigger signal of the electromagnetic 
5 valve as a function of time. 

Figure 2c shows a third diagram of the plot of the trigger signal of the electromagnetic valve 
as a function of time. 

10 Figure 2d shows a fourth diagram of the plot of the trigger signal of the electromagnetic valve 
as a function of time. 

Figure 3 shows a diagram of a plot of the actual valve current over time. 

15 Detailed Description 

According to Figure 1 , a hydraulic control of an automatic transmission for a motor vehicle 
has a pump 10, which is driven by a drive motor (not shown). Pump 10 delivers a working 
medium in the form of transmission oil from a tank 1 1 into a working pressure line 12 and 
thus generates a working pressure for the hydraulic control in working pressure line 12. 

20 

Working pressure line 12 is connected to a constant pressure valve 13. Constant pressure 
valve 13 generates a constant pressure of 5 bar, for example, at its output 14 and thus in 
supply pressure line 15. Supply pressure line 15 is connected to a supply connection 16 of an 
electromagnetic valve 17. 

25 

Electromagnetic valve 17 is triggered by a control device 25 having a pulse- width-modulated 
trigger signal. Control device 17 establishes a setpoint valve current through a coil 28 of 
electromagnetic valve 1 7, with a setpoint valve current corresponding to a setpoint pressure at 
a load connection 18 of electromagnetic valve 17. Control device 25 is supplied with power 
30 from an on-board voltage network 26, which is represented symbolically here. Control device 
25 is also in signal connection with a temperature sensor 35 by which the temperature of the 
working medium is detected. 
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Control device 25 is connected by a triggering line 27 to a coil 28 of electromagnetic valve 
17. An armature 29 of electromagnetic valve 17 is movable by a magnetic field generated in 
coil 28. Between armature 29 and a valve seat 30, a transfer cross section 31 leads from a 
pressure space 32, which is connected to power supply connection 16, to a tank drain 33. 
5 Transfer cross section 3 1 may be altered by movement of armature 29, thereby adjusting the 
setpoint pressure in pressure space 32 and therefore adjusting the pressure at load terminal 18 

Load terminal 18 is connected via a control pressure line 19 to a regulating valve 20, where 
the setpoint pressure of electromagnetic valve 17 provides the control pressure for regulating 
10 valve 20. The control pressure may be at most as high as the pressure in supply pressure line 
15. Regulating valve 20 is also connected via a working pressure connection 34 to working 
pressure line 12. 

Regulating valve 20 increases the control pressure, so that an increased control pressure is 
1 5 available at an outlet 22 of regulating slide valve 20, which is connected by an output 
pressure line 23 to an actuator cylinder 24 of a clutch (not shown) of the automatic 
transmission. By triggering electromagnetic valve 17 and boosting the control pressure by 
regulating valve 20, it is possible to open and close the clutch of control device 25 of the 
automatic transmission. The clutch has various operating states during operation of the 
20 automatic transmission. 

The electromagnetic valve may also be designed as a flow regulating valve. 

The automatic transmission may be designed, for example, as a planetary transmission, a 
25 continuous variable transmission (CVT), or an automated manual transmission (AMT). 

Figures 2a, 2b, 2c, and 2d show a pulse-width-modulated trigger signal of electromagnetic 
valve 1 7 from Figure 1 plotted over time. Time is plotted on abscissas 40a, 40b, 40c and 40d, 
and the trigger signal is plotted on ordinates 41a, 41b, 41c, and 41 d in the form of a voltage 
30 applied to coil 28. The clock frequencies of the signals in Figures 2a and 2b are identical. 

In Figure 2a, the period of time between points in time t^ and t la corresponds to the period of 
the trigger signal. During this period of time, the signal passes through a complete cycle of 
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on-time and off-time. The period amounts to 1 ms, for example, so the clock frequency is 
1000 Hz. 

During the on-time, coil 28 is acted upon by control device 25 with power supply voltage U a . 
5 No voltage is applied to coil 28 during the off-time. Power supply voltage U a may fluctuate 
during operation of the vehicle. The on-time here corresponds to the period of time between 
points in time t^ and t 2a . By varying the period of time, i.e., by shifting the point in time t^ it 
is possible to alter the current through coil 28 and thus the position of armature 29. In Figure 
2a the on-time corresponds to approx. 70% of the period, so the setpoint and actual valve 
10 current amounts to approximately 70% of the maximum current. 

In the case of the trigger signal in Figure 2b, the on-time has been reduced to 50%. The period 
of time between the points in time t^ and t 2b corresponds to exactly 50% of the period of time 
between points in time t^ and t lb . Figure 3 shows qualitatively the actual valve current 

15 through coil 28 resulting from the trigger signal. The actual valve current fluctuates in a 

sawtooth pattern about its arithmetic mean I m . During the on-phase of the trigger signal, the 
actual valve current rises to more than I m but then drops below I m in the off-phase. This rise 
and fall yields a PT1 characteristic which is due to the inductance of coil 28. The period and 
thus the clock frequency of the actual valve current are identical to the period and clock 

20 frequency of the trigger signal in Figure 2b. 

In comparison with the signals in Figures 2a and 2b, the trigger signal in Figure 2c has a 
higher clock frequency, e.g., 1600 Hz. This is achieved by shifting the point in time t lc in the 
direction of the point in time t^ and thus shortening the length of the period. Since the on- 
25 time (to c - 1^) corresponds to 50% of the period, as is the case with the signal in Figure 2b, the 
setpoint valve current is just as large as the trigger signal in Figure 2b. 

However, the curve of the actual valve current (not shown) changes. The frequency of the 
sawtooth curve becomes larger and the amplitude becomes smaller. Differences between the 
30 unchanged arithmetic mean of the actual valve current and a maximum and/or minimum 

value of the actual valve current become smaller. The amplitude of the micromotions of the 
armature thus also becomes smaller and the frequency becomes higher. A higher clock 
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frequency in comparison with normal operation is established at high temperatures of the 
working medium or when armature 29 is situated near valve seat 30. 

The trigger signal in Figure 2d has a lower clock frequency, e.g., 500 Hz, than the signals in 
5 Figures 2a and 2b. This is achieved by shifting the point in time t ld away from the point in 

time to d and thus increasing the length of the period. Since the on-time (to d - corresponds to 
50% of the period, as is the case with the signal in Figure 2b, the setpoint valve current is just 
as large as the trigger signal in Figure 2b. 

10 The curve of the actual valve current changes. The frequency of the sawtooth curve becomes 
smaller and the amplitude becomes larger. The amplitude of the micromotions of the^ 
armature thus also becomes larger and the frequency becomes lower. A lower clock 
frequency in comparison with normal operation is established at low temperatures of the 
working medium. 
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